Abstract
56
Metals in atmospheric particulate matter (PM) are a serious concern as they induce adverse health effects.
57
Cardiopulmonary diseases have been attributed to the capacity of inhaled particles and metals to cause 58 inflammation and injury at the air-lung interface (Costa and Dreher, 1997; Chen and Lippmann, 2009 ; Gamble 59
and Lewis, 1996; Jarup, 2003; Ozkaynak et al., 1996) . Lead exposure damages the human central nervous 60 system and kidneys, affects biochemical processes and impairs psychological and neurobehavioral functions 61 (Tong et al., 2000) . Zinc is associated with oxidative stress and a contributing factor in many chronic diseases 62 (Prasad et al., 2004; Walsh et al., 1994) , and Cu causes damage to proteins and lipids (Brewer, 2010 
152
The filters were weighed before and after the collection to determine the mass of material. The metals were 153 leached from the filter with 5 ml of aqua regia for 24 hours followed by 10 ml of 0.5 M HNO 3 for 48 hours on a 154 hotplate at 80˚C. An ultrasonic bath was used for 1 hour every 12 hours to improve the removal efficiency.
155
The filters were then washed with 5 ml 0.5 M HNO 3 three times. 
176
The EFs of the PM 10 were calculated to assist the source assessment study using Al as as a proxy for the 
192
The total procedural blank was <4 ng for Cu and Zn, and < 80 pg for Pb. These contributions were less Table 1 and Table 2 , respectively (London Air Website, www.londonair.org.uk).
210
The concentrations and EFs of Fe, Cu, Zn, Sb, Ba and Cr in the PM 10 collected at the MR site are much 211
higher than those at the NK site (Tables 1 and 3 ). These elements are highly enriched relative to natural dust ). Multiple sources including brakes, manhole cover, yellow road paint (NKRP-2) and 244 road dust are enriched in this element relative to natural dust (Table 3) Pb isotope ratios determined in the PM 10 and the sources are shown in 267 
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Isotopic signatures in atmospheric particulate matter suggest important contributions from recycled gasoline for lead and nonexhaust traffic sources for copper and zinc in aerosols in London, United Kingdom
Highlights
• Isotope ratios of Cu, Zn and Pb were determined in PM 10 collected at two road sites with contrasting traffic densities in central London, UK, and in potential sources.
• Despite the different traffic densities, no significant differences in the isotope signatures of Cu, Zn and Pb are found in PM 10 , suggesting similar sources for each metal at both sites.
• Analysis of the isotopic composition of Cu, Zn and Pb in PM 10 and potential sources indicate important contributions from road dust resuspension, recycled leaded gasoline, tire and brake wear.
